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DISCUSSION / DISCUSSION
Reply to discussion by G. Carosi and H. Chanson
on ‘‘Turbulence characteristics in skimming flows
on stepped spillways’’1
G. Carosi and H. Chanson
The authors acknowledge the discussion, although the con-
tribution would appear to focus on an ‘‘apparent’’ omission
of a study conducted primarily with a 308 slope. The main
technical issue seems to be associated with the structure of
the two-phase air–water flow skimming over the pseudo-
bottom formed by the step edges. This is a difficult topic.
In the air–water skimming flow, the microscopic structure
of the gas–liquid mixture is closely linked with the interac-
tions between turbulent vortices and air–water entities (bub-
bles, droplets, packets) (e.g., Chanson and Toombes 2002;
Carosi and Chanson 2008; Gonzalez and Chanson 2008). In
the high-velocity free-surface flow, the strong interactions
between the turbulent waters and the atmosphere lead to a
complete deformation at the interface. Through the free-
surface, air is continuously trapped, and the resulting air–
water mixture extends through the entire flow (Rao and
Kobus 1971; Wood 1991; Chanson 1997). The air–water
flow is characterized a complicated two-phase turbulent
motion with void fractions ranging from some small, often
nonzero values close to the invert to 100% above a pseudo
‘‘free-surface’’ that is usually defined as the location where
the void fraction equals 90% (Cain and Wood 1981; Wood
1991; Chanson 1997; Matos 2000).
The discusser argued that the concept of ‘‘effective homo-
genous flow’’ might be relevant and would yield different
findings. This concept was introduced in the early 1950s by
Professor Lorenz Straub and his co-workers (Straub and
Lamb 1953; Straub and Anderson 1958) and expanded by
Killen (1968). It is outdated because extensive detailed
measurements were conducted since in smooth- and
stepped-invert chutes in prototypes and in large-size labora-
tory channels (e.g., Cain and Wood 1981; Matos 2000;
Chanson and Toombes 2002; Carosi and Chanson 2008).
The detailed analyses demonstrated conclusively that the
air–water free-surface flow behave as a homogeneous mixture
for void fractions ranging from 0 to 90% or more (Cain and
Wood 1981; Wood 1985, 1991; Chanson 1997). Further-
more, the present study (Carosi and Chanson 2008) pre-
sented evidence of a change in air–water structure for C >
0.95 to 0.97 only (Fig. 7: Carosi and Chanson 2008; Chan-
son and Carosi 2007; Felder and Chanson 2009). While the
gas–liquid flow properties exhibited smooth and continuous
trend for C < 0.95), significant differences were observed
for C > 0.95 to 0.97, in terms of water drop chord distri-
butions and air–water advection integral length scales dis-
tributions. The contrasting features observed for C > 0.95
to 0.97 reflected a change in the microscopic flow struc-
ture whereby the upper spray region consisted primarily of
ejected water droplets that did not interact with the main
flow nor with the surrounding air. These droplets tended
to follow some ballistic trajectory as illustrated in Fig. 1,
and their ‘‘history’’ was dominated by the initial ejection
process and possibly by droplet collisions. Figure 1
presents a sequence of four high-speed photographs taken
0.5 s apart, looking from upstream. Note the rapid evolu-
tion with time of the water droplet structures.
Simply the notion of ‘‘effective homogenous flow’’ con-
tradicts detailed measurements conducted with accurate in-
strumentations in large-size facilities with well-controlled
flow conditions and it is obsolete. Recent findings (Carosi
and Chanson 2008) demonstrated in fact a marked changed
in flow properties for C ~ 0.95 to 0.97, that is consistent
with earlier studies suggesting the use of Y95 or even Y98 as
the characteristic air–water flow thickness (Jevdjevich and
Levin 1953; Aivazyan 1986).
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Fig. 1. Sequence of high-shutter speed photographs of water droplets and packets ejected above the air–water skimming flow, looking
downstream. Flow conditions: dc/h = 1.57, step height: h = 0.10 m, Re = 7.7  105, shutter speed: 1/320 s, 0.5 s between each photograph,
probe located at step edge 8.
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